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INSTITUTE  FOR  DEFENSE  ANALYSES 


Institute  for  Defense  Analyses  (IDA)  prepared  this  that  task  by  determining  the  frequency  of  and  analyzing  pilot 
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IBP  is  a  British-owned  firm. 


This  chart  illustrates  current  seats  of  the  three  primary  equipped  with  the  GRU-7  (Mk-7)  seat,  whose  technology  dates 

manufacturers  of  fighter  ejection  seats  and  lists  their  from  the  1960s.  Most  of  the  F/A-18A/B/C/D  fleet  is  equipped 

applications  in  presently  fielded  tactical  fighter  aircraft.  with  the  SJU-5  (Mk-10)  seat,  which  represents  1970s-level 

Since  the  late  1970s,  Boeing  (formerly  McDonnell  technology.  The  F-14D  and  late-model  F/A-18C/Ds  are 

Douglas)  has  produced  the  ACES-II  ejection  seat  for  U.S.  Air  equipped  with  the  Mk-14  Navy  Aircrew  Common  Ejection 
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Seat  Manufacturers 


F-15:  ACES-II  F-14A/B:  GRU-7  [1969]  MiG-25/29/31:  K-36 

F-16:  ACES-II  F/A-18A-D:  SJU-5[1979]  Su-27/35:  K-36 

A-10:  ACES-II  F/A-18C-F:  N ACES  [1989]  r~  Late  1960s  foriciinal 
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The  modified  ACES-II  ejection  seat  now  planned  for  the  positive-pressure  breathing  offers  protection  from  the  effects  of 

F-22A  includes  a  number  of  features  that  are  not  included  in  high-altitude  exposure. 

the  standard  version.  This  slide  summarizes  the  main  The  ACES-II  was  originally  designed,  tested,  and  qualified 

improvements  incorporated  on  the  modified  ACES-II  seat.  for  all-male  aircrew  members  ranging  in  weight  from  140  to 

The  most  significant  feature  of  the  modified  seat  is  211  pounds.  The  recent  introduction  of  women  into  combat 
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Improved  ACES-II  Features 
Planned  for  the  F-22A 
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The  Martin-Baker  NACES  (on  F-14Ds,  F/A-18E/Fs,  and  Improved  aircrew  accommodation  range  is  already 

some  F/A-18C/Ds)  and  Mk-16  (on  the  Rafale,  Eurofighter,  incorporated  in  the  basic  Mk-16  and  is  planned  as  part  of  the 

Boeing  X-32,  JPATS,  and  others)  are  the  only  currently  fielded  NACES  P3I.  The  Mk-16  has  a  compound  vertical  adjustment 

ejection  seats  that  have  microprocessor  control  of  event  feature,  which  moves  the  seat  up  and  forward  for  enhanced 

sequencing  tailored  to  the  ejection  conditions.  Seat-mounted  crew  reach. 
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Improved  Martin-Baker  Ejection  Seats: 
NACES  P3I  and  Mk-16/P3l 
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The  issues  associated  with  the  Russian  K-36  ejection  seats  significantly  over  the  past  decade.  A  benefit  of  having  the  K-36 

fall  into  five  distinct  categories,  safety,  competition,  available  for  use  on  U.S.  fighters  would  be  more  competition 

ergonomics,  availability/acquisition,  and  operations/support.  and,  subsequently,  more  innovation.  However,  a  major 

This  slide  lists  some  of  the  pros  and  cons  associated  with  each  disadvantage  is  that  the  market  barely  supports  the  companies 

of  these  areas.  now,  and  Boeing  appears  eager  to  divest  itself  from  the 
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This  slide  outlines  the  main  questions  addressed  in  this  A  third  question  is: 
briefing.  The  first  question  addressed  is:  •  What  may  be  different  in  the  future  (for  the  F-22)  in 

•  What  has  been  the  experience  in  terms  of  injuries  and  terms  of  physical  size  of  pilots,  peacetime  training,  and 

fatalities  from  U.S.  tactical  fighter  aircrew  ejection  combat  operations? 

incidents?  There  are  a  number  of  pertinent  areas  of  interest  not 
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Questions  Addressed 


This  chart  provides  a  top-level  overview  of  the  results  from  We  analyzed  the  unsuccessful  ejections  (those  resulting  in 

the  tactical  fighter  aircrew  ejection  incidents  we  examined  to  death  or  permanent  disability)  to  estimate  the  number 

answer  the  first  question.  Results  are  shown  for  individual  potentially  preventable  with  state-of-the-art  (SO A)  seat 

aircraft  and  all  the  aircraft  combined.  A  wide  range  of  metrics  technology.  This  analysis  considered  the  features  and  estimated 

is  displayed  in  the  table.  The  rates  displayed  are  per  the  performance  of  the  Russian  K-36  and  Martin-Baker  Mk-16 
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Summary  of  Aircrew  Ejection  Incidents 


Alternatively,  we  obtained  a  1.9  value  by  multiplying  the  100  thousand  (roughly  25).  Given  the  uncertainty  of  the 

number  of  unsuccessful  F-15  and  F-16  ejections  potentially  prediction,  we  assumed  a  value  less  than  3,  as  shown  on  the 

preventable  with  SOA  technology  per  100  thousand  FH  (0.76)  chart, 
by  the  cumulative  number  of  F-22A  flying  hours  divided  by 
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Aircrew  Ejection  Injury  Classifications 

Fatal  injury:  Failure 

-  Injuries  resulting  in  death,  either  in  the  mishap  or  at  any 
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Source:  AFI  91-204. 


Aircraft  speed  at  the  time  of  the  ejection  has  a  major  aircraft  considered  have  roughly  comparable  median  and 

influence  on  the  likelihood  and  severity  of  aircrew  injury.  This  average  crew  ejection  speeds.  (Ironically,  the  median  and 

slide  presents  a  summary  of  the  aircraft  speed  performance  average  ejection  speeds  for  the  A- 10  are  even  slightly  higher 

capability  (illustrated  by  the  cruise  and  maximum  sea  level  than  those  for  other  aircraft,  which  have  much  greater  speed 

speeds)  and  the  average  and  median  speed  at  the  time  of  performance  capabilities.)  This  demonstrates  the  fact  that. 
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Crew  Ejection  and  Aircraft  Speed  Comparison 


Speed  (kts) 


One  of  the  unique  traits  of  the  F-22A  is  its  ability  for  This  chart  displays  the  relative  dynamic  pressures  in 

sustained  flight  at  supersonic  speeds  without  the  use  of  the  pounds  per  square  foot  (psf)  across  a  range  of  Mach  numbers 

engine  afterburners.  This  is  accomplished  at  high  altitude,  and  altitudes.  They  are  based  on  the  Standard  Day  Atmosphere, 

where  the  air  density  is  reduced.  The  “supercruise”  capability  The  top  line  is  the  dynamic  pressure  associated  with  a  speed  of 

has  been  used  to  suggest  an  increased  ejection  injury  risk  level  660  KEAS.  The  bottom  line  is  the  dynamic  pressure  associated 


G 


CD  d 
fa  CD 
G  j-3 

c/3  G 
C/3  S 

(D  fa 
t-i  cl 

cl  S 


co 

< 

a 

fa 

<N 


O 

d 

CD 

<D 

CL, 

c/3 

G 

fa 


3 

§• 

o 

CD 

C/3 

• 

S 

£ 

(D 

CL 

2 

C/3 

< 

<N 

<N 

i 

Ph 

d 

<D 

G 

fa 

c/3 

G 

O 

S 

CD 

4=1 

H 


o 

u 

y 

CO 

G 

< 

W 

d 

3 

o 

00 

<N 

£ 
4— > 

in 

JD 

d 

d 

d 

§ 

S 

00 

CD 

< 

fa 

4— > 

G 

HM 

CD 

CD 

£ 

fa 

ON 

CO 

CD 

4—4 

fa 

G 

4— » 

CD 

C/3 

C/3 

CD 

%4 

CD 

CL 

o 

CD 

G 

'Cl 

fa 

C/3 

CD 

4— » 

C/3 

fa 

<D 

4— » 

£ 

4— > 

fa 

C/3 

bp 

CD 

G 

fa 

'i-j  fa 

fa  ^ 

(D 

>  b0 

o  I 

4— > 

(D  5 
£  CD 

$3  £ 

CL 

Q  < 

(N 

^  <N 

w  ti 

CD 
43 

~  fa 
+-»  +-> 

G 

O  L-H  r-j 

O  g 
bO  43 

G  C/3 

e  .a  *8 

•g  I  I 


c/3 


43 

O 

s 

tJ 

G 

43 

CD 

C/3 

G 

o 

*> 

£ 

CL 

CD 

43 


1 

bG 

2 

C/3 


G 

O 


J-H 

G 


.s  -s' 

c3  S 

CD 
4=5 


CD 


(D 

b0 

§ 

o 

§ 


CD 
l  £ 

t 


G 

O 

J-H 

*c3 

<D 

43 


d 
G 
43 

on 
G 
43 

(D 
O 

§ 

I 

CD  S 
CL  S 
,4->  CL 

•  (73 


Vh 

<D 

CL 

G 


G 


G 


d 
CD 
> 
t— , 

(D 

c/3 

■8 


G 

J~4 

o 


G  o 

i 


CD 

43 


G 

CD 

fa 

O 

£ 

O 

fa 

G 

O 

d 

G 


CD 

C/3 

O 

s 

CD 

Vh 

8 

G 

C/3 

fa 

C/3 

(D 

J-4 

CL 

G 

.2 

C/3 

G 

CD 

d 

G 

3 

d 

*4-4 

(D 

13 

fa 

4— > 

CD 

fa 

fa 

4— » 

O 

£ 

<D 

C/3 

(D 

C/3 

CL 

C/3 

CD 

G 

CD 

fa 

Ji 

4-» 

O 

.s 

G 

G 


£ 


d 

(D 

(D 

CL 

C/3 

J-H 

*G 


fa 


O 

G 


44  .3  rrt 

^  fa  faj 
G 
O 

£ 


S.s 
■8  « 
CD 


d 

CD 


CD 

c3 


G  <D 
O  CL 


CD 

CL 

C/3 

CD 

C/3 


5  "5? 

4->  (D 
O  CD 
CL  CL 

6  " 
G 

’5* 


d 

G 


CD 

fa 


fa  3 

.3  2 
fa  cd 


G 

.2 
*4— > 

o 

<D 

’5? 


G 

4— > 

G 

<D 

> 

‘3 

C T 

(D 


CN 


This  chart  illustrates  the  crew  ejection  history  over  the  time  applicable,  ejection  episodes  from  two-seat  model  aircraft  were 

period  considered  for  the  aircraft  examined.  Of  the  522  ejection  considered  individually. 

episodes  reviewed,  181  were  from  the  F-14,  68  were  from  the  Overall,  there  has  been  a  relatively  steady  rate  of  ejection 

F/A-18,  55  were  from  the  F-15,  and  218  were  from  the  F-16.  episodes  (per  year)  from  these  aircraft.  The  number  of  ejection 

The  ejection  seat  types  involved  were  the  ACES-II  for  the  episodes  has  averaged  about  27  per  year.  For  the  aircraft 


g 

<D 

<D 

X) 

on 

a 

43 


G 

<D 

C/3 

<D 

Oh 


>  G 
Xj 

-  G 


G  u 
O  G 
TJ  O 
o  43 
o 

— >  oJQ 

5?  c 


,  <D  O 
»  JD  O 

S  O 

G  O 
G  O 
<D  ^ 


X3 

<D 

G 


<  O 
o 


<D 

Ph 

vq 

cn 

■4— * 

G 

O 


l-H 

'£3 

43 

00 
J-H  1 

<2  <3 

w 


<D 

43 


U 

< 

z 


X3  <+3 

s 

G  00 

^  w 


c3 

a 

*G 
& 
!  r- 

i 

p 

o 


< 

z 

U 


c3 

a 

jg  3. 

Ph  in 

1 

p 


T3 

§ 

ITl 

I 

Ph 


00 

X5 

§ 


VO 

<N 


Crew  Ejection  History  by  Aircraft 
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ACES-II  for  F-15  and  F-16;  GRU-7,  SJU-5,  and  SJU-17  (NACES)  for  F-14  and  F/A-18 
Each  ejection  episode  (where  applicable)  from  two-seat  model  aircraft  considered  individually. 


This  chart  displays  the  crew  ejection  history  over  the  time  Overall,  there  has  been  a  relatively  steady  rate  of  each 

period  considered  by  the  injury  severity.  Of  the  522  ejection  injury  category  over  this  time.  The  number  of  unsuccessful 

episodes  reviewed,  44  resulted  in  fatal  injuries,  3  resulted  in  a  (fatality  or  disability)  ejection  incidents  has  averaged  about  2 

disability,  59  resulted  in  a  major  injury,  176  resulted  in  a  minor  to  3  per  year.  For  the  aircraft  combined,  the  number  of 

injury,  and  240  resulted  in  no  reportable  injuries.  The  first  aid  unsuccessful  ejection  incidents  (per  seat)  has  been  about  0.3 
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Crew  Ejection  History  by  Injury  Severity 
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This  chart  displays  the  crew  ejection  injury  distribution  for  Mk-16’s  Preplanned  Product  Improvement,  such  as  the 

the  aircraft  and  time  period  considered  in  a  bar  chart  format.  extremely  fast  drogue  and  parachute  deployment  times. 

The  majority  of  aircrew  members  suffered  either  no  reported  Based  on  the  altitude,  airspeed,  and  other  relevant  aircraft 

injuries  (46  percent)  or  minor  injuries  (34  percent).  About  1 1  data  (such  as  the  roll  and  pitch  angles  and  sink  rate)  at  the  point 

percent  of  the  aircrew  members  sustained  major  injuries.  of  ejection  (where  available),  along  with  non-ejection  seat 
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Crew  Ejection  Injury  Distribution 
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Note:  Combined  aircraft  include  ACES-II,  GRU-7,  SJU-5,  and  SJU-17  (NACES)  seats. 


This  scatter  plot  displays  the  crew  ejection  flight  Overall,  there  is  a  fairly  wide  scatter  of  the  data  points,  but 

conditions,  in  terms  of  speed  and  altitude,  and  the  five  injury  most  are  concentrated  around  speeds  of  100  to  300  knots  and 

category  levels  described  previously.  The  altitude  scale  is  altitudes  of  1,000  to  10,000  feet.  In  this  regime,  most  of  the 

shown  in  log-form  for  clarity  and  the  ejection  incidents  that  ejection  injuries  were  either  not  reportable  or  minor.  While 

occurred  at  altitudes  of  zero  were  changed  to  one  foot  for  there  were  relatively  few  ejection  incidents  above  400  knots, 
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Crew  Ejection  Experience  by 
Flight  Condition/Injury  Category 


(spi)  paads 


Altitude  (ft,  AGL) 

Notes:  Zero-foot  altitudes  changed  to  one  foot  for  log  plotting  purposes. 
Speed  and/or  altitude  not  known  for  six  incidents. 


This  slide  depicts  the  crew  ejection  flight  conditions,  in  This  chart  displays  the  same  general  trends  as  the  previous 

terms  of  speed  and  altitude,  with  the  success  or  failure  scheme  chart,  but  adds  the  flight  conditions  for  the  unsuccessful 

discussed  previously.  Also  included  in  the  scatter  plot  are  the  incidents  judged  potentially  preventable  with  state-of-the-art 

unsuccessful  incidents  that  were  deemed  potentially  seat  technology.  While  many  of  these  points  are  scattered 

preventable  with  state-of-the-art  seat  technology.  The  altitude  throughout  the  envelope,  most  occur  where  the  ejection  speed 
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Crew  Ejection  Success/Failure 
by  Flight  Conditions 
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Notes:  Zero-foot  altitudes  changed  to  one  foot  for  log  plotting  purposes. 
Speed  and/or  altitude  not  known  for  six  incidents. 


The  distribution  of  aircrew  ejection  incidents  and  resulting  feet.  The  next  most  frequent  altitude  band  where  aircrew 

injury  categories  by  the  aircraft  altitude  at  the  point  of  ejection  ejection  happened  was  101  to  1,000  feet,  where  19  percent 

is  illustrated  in  this  slide  with  a  stacked  bar  chart.  Four  distinct  occurred.  About  16  percent  of  the  aircrew  ejection  incidents 

altitude  bands  are  used.  The  majority  of  the  ejection  incidents,  occurred  between  0  and  100  feet.  The  least  ejection  incidents, 

52  percent,  occurred  in  the  altitude  range  of  1,000  to  10,000  12  percent,  were  at  altitudes  of  over  10,000  feet. 
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Crew  Ejection  Injury  Categories 
by  Aircraft  Altitude 


o 

o 

o 

o 

o 

o 

o 

o 

in 

o 

LO 

o 

in 

CO 

CM 

CM 

r- 

T— 

stuappui  jo  jaquiriN 


This  slide  depicts  the  distribution  of  aircrew  ejection  (101-1,000  feet  and  1,001-10,000  feet)  had  success  rates  of  86 

incidents  by  the  aircraft  altitude  at  the  point  of  ejection  for  the  percent  and  94  percent,  respectively. 

success  or  failure  scheme  described  previously.  Also  shown  in  Most  of  unsuccessful  incidents  that  were  deemed 

the  bar  chart  are  the  unsuccessful  incidents  that  were  deemed  potentially  preventable  with  state-of-the-art  seat  technology 

potentially  preventable  with  state-of-the-art  ejection  seat  occurred  in  the  two  middle  altitude  bands.  In  the  0-100  feet 
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Crew  Ejection  Success/Failure 
by  Aircraft  Altitude 
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Altitude  (ft,  AGL) 


This  slide  illustrates  in  a  bar  chart  the  distribution  of  percent  of  the  aircrew  ejection  incidents  happened  at  speeds  in 

aircrew  ejection  incidents  and  resulting  injury  categories  by  the  excess  of  500  knots. 

aircraft  speed  at  the  point  of  ejection.  Seven  distinct  speed  The  overall  average  ejection  speed  from  all  the  incidents 

bands,  measured  in  knots,  are  used.  The  majority  of  the  observed  was  about  194  knots.  The  average  ejection  speed 

ejection  incidents,  48  percent,  occurred  in  the  101-  to  200-knot  significantly  increases  with  the  severity  of  the  injury  category. 
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Crew  Ejection  Injury  Categories 
by  Aircraft  Speed 
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Notes:  Average  overall  ejection  speed  (kts)  =  194  knots.  Average  speed  by  injury  category:  None  =  169  knots,  Minor  =  188  knots 
Major  =  229  knots,  Disability  =  283  knots,  Fatality  =  304  knots. 


Crew  Ejection  Success/Failure 
by  Aircraft  Speed 


siuappui  jo  jaqiunfvj 


Speed  (kts) 

Notes:  Average  successful/unsuccessful  (overall)  speeds  =  183/302  knots.  Average  unsuccessful/not  preventable  with  SOA  seat 
technology  speed  =  250  knots.  Average  unsuccessful/preventable  with  SOA  seat  technology  speed  =  406  knots. 


Combined  Crew  Ejection  Success 
Rates  at  Various  Flight  Conditions 


0-100  91%  (22)  84%  (19)  50%  (6)  98%  (42)  100%  (0) 


The  incidents  examined  in  this  briefing  occurred  during  average  of  over  150  knots.  Over  50  percent  of  the  combat 

peacetime.  No  combat  ejection  episodes,  such  as  the  F-16  ejection  incidents  occurred  at  speeds  in  excess  of  400  knots,  as 

event  (pilot  Scott  O’ Grady)  during  Deliberate  Force  or  the  F-  opposed  to  only  12  percent  during  the  peacetime  period.  The 

117  and  F-16  incidents  during  Allied  Force,  were  included.  resulting  injury  spectra  of  the  combat  ejection  episodes  are  not 

Ejection  incidents  during  combat  may  occur  with  a  different  known. 
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Combat/Non-Combat  Crew 
Ejection  Speeds 

390  ACES-II  non-combat  ejections  as  of  February  1998 
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contributed  to  higher  aircrew  capture  rates  resulting  in  POWs,  and  resulted  in  loss  of  rescue 
helicopters  and  crews. 


Initial  Observations 
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Initial  Observations  (Continued) 
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The  ejection  seat  is  only  one  of  myriad  safety  features  on  a  F-22A  would  provide  a  greater  safety  benefit  at  less  cost  than  a 
fighter  aircraft.  Improvements  to  it  should  be  considered  as  one  new  ejection  seat  for  the  aircraft.  However,  at  a  minimum, 

option  in  a  portfolio  of  possible  safety  enhancements.  For  modifications  to  existing  seats  will  be  necessary  to 

example,  results  from  a  recent  IDA  study  suggests  that  an  accommodate  wider  aircrew  weight  ranges  without  adding  to 

automatic  ground  collision  avoidance  system  (AGCAS)  for  the  the  risk  of  ejection. 
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F-15  Crew  Ejection  History  (ACES-II  Only) 
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Note:  Historical  ejection  rate  since  1979  =  1.5  per  100K  FH. 


F-15  Crew  Ejection  Injury  Distribution 


Injury  Severity  Level 


F-15  Crew  Ejection  Flight  Condition/ 
Injury  Category  Experience 


Altitude  (ft,  AGL) 


F-15  Crew  Ejection  Altitude  Distribution 


Altitude  Range  (ft) 


F-1 5  Crew  Ejection  Speed  Distribution 
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6  Crew  Ejection  History 


Note:  Historical  ejection  rate  since  1979  =  3.9  per  100K  FH. 


F-16  Crew  Ejection  Injury  Distribution 


None  Minor  Major  Disability  Fatality 

Injury  Severity  Level 


F-16  Crew  Ejection  Flight  Condition/ 
Injury  Category  Experience 


Altitude  (ft,  AGL) 


F-16  Crew  Ejection  Altitude  Distribution 


Altitude  Range 


F-16  Crew  Ejection  Speed  Distribution 
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F/A-1 8  and  F-1 4  Ejection  Seats 
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F/A-18  Crew  Ejection  History  (From  1980) 


Note:  Historical  ejection  rate  since  1980  =  2.2  per  100K  FH. 


F/A-18  Crew  Ejection  Injury  Distribution 


Note:  SJU-5  and  SJU-17  NACES  ejection  seats  used. 


F/A-18  Crew  Ejection  Flight 
Condition/Injury  Category  Experience 


Environment  not  completely  known  for  4  ejections. 


F/A-18  Crew  Ejection  Altitude  Distribution 


Note:  Environment  not  known  for  four  ejections. 


F/A-1 8  Crew  Ejection  Speed  Distribution 
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Note:  Environment  not  known  for  four  ejections. 


Ejection  History  (from  1 980) 


Note:  Historical  ejection  rate  since  1980  =  9.5  per  100K  FH. 


F-14  Crew  Ejection  Injury  Distribution 
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Note:  GRU-7  and  SJU-17  NACES  ejection  seats  used. 


F-14  Crew  Ejection  Flight  Condition/ 
Injury  Category  Experience 


Note:  Environment  not  completely  known  for  2  ejections 


F-14  Crew  Ejection  Altitude  Distribution 


Altitude  Range  (ft) 


F-14  Crew  Ejection  Speed  Distribution 
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Note:  Environment  not  known  for  two  ejections. 


F-22  Aircrew  Ejection  Predictions 


Note:  Given  uncertainties  involved,  F-22A  pilot  ejection  fatalities  preventable  with  state-of-art  seat 
technology  is  less  than  three  (for  peacetime  training). 


Crew  Ejection  Seat 
Characteristics  Summary 
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